Aim: Obesity and physical inactivity had already reached epidemic, becoming one of the leading causes of death and disability worldwide. The objective of this study was to investigate the current level and a nearly three decades' trend of muscular fitness (MF) and the nutritional state of Czech children.
INTRODUCTION
By the end of the century, obesity (OB) had already reached epidemic proportions, becoming one of the leading causes of death and disability worldwide (1) . WHO emphasizes that 44% of the diabetes burden, 23% of the ischaemic heart disease burden and around 7-41% of certain cancer burdens are attributable to overweight (OW) and OB (2) . Adults in the Czech Republic have one of the highest prevalence of OB and OW among all European countries. A research conducted in 2008-2009 on a representative sample of Czech population (n = 2,058) suggests that 23% of adult population of the Czech Republic are obese and 34% are overweight (3) . The increase of prevalence of OW and OB during childhood is one of causes of this increase in OB in adulthood. There are several different classifications of OB in children. The most commonly used is the criteria set forth by IOTF or WHO (4, 5) . Every ten years from 1951 until 2001, the Czech Republic has collected the data from anthropometric children's measurements. The aim of these studies was to construct national reference data.
The BMI references are based on the Nationwide anthropological survey 1991 (6, 7) .
The progression to the obesity pandemic, starting from the 1970's, is explained by the dramatic change in human behaviour, especially due to the decrease of physical activity (PA) and the change in dietary habits. However, PA is essential for long-and short-term physical and mental health. The loss of PA is associated with metabolic inflexibility and decrease of energy expenditure, a status prone to develop overweight and obesity with its co-morbidities, deterioration of cardiorespiratory, postural and psychological functions. WHO has advised children should not have more than 1-2 hours of quality television and/or screen time per day and undertake at least 60 minutes of moderate-tovigorous PA. However, the crucial for health benefit -current and future health status -is not self-reported time of PA, but objective measured physical fitness. Health related physical fitness encompasses cardio-respiratory fitness, muscular fitness (MF) and body composition, mutually influencing each other. Cardio-respiratory fitness is traditionally measured by spiroergometry. MF is possible to evaluate by the examination of muscular endurance, strength and postural function of muscular-skeletal system. Unfortunately, the vast preponderance of studies examining nutritional state of children collect only data about hours spent doing PA/or screen table watching. There is a limited number of studies testing and comparing the status of children's MF.
The aim of this paper was to determine the level of MF and prevalence of OW and OB in two age categories of schoolchildren measured in 2013 and to compare them with the results obtained by the national survey of MF from 1987, and by the national anthropometrical survey performed in 1991. To the best of our knowledge, no recent study to date has examined MF in an extended sample of Czech children and detected the long-term trend.
MATERIALS AND METHODS
The data of objective measured MF, anthropometric parameters (body weight, body height and waist circumference), postural function, together with subjective reported data about PA/ screen table watching and subjective symptoms (headache and back pain) of 8-9 years old children (younger girls Gy; younger boys By) and 12-13 years old children (older girls Go, older boys Bo) were collected in 2013. The data are representative for the Czech Republic. Through two-stage stratified sampling method there were randomly selected children from the Pilsner region, one of the fourteen regions in the Czech Republic, with territory of 7,500 km 2 , total number of inhabitants 575,000. There are 194 various public schools, with total number of schoolchildren 41,614 aged 6-15 years. Participating 80 school classes were randomly selected according to the district and size of residential location. According to the size of residential location the children were categorized into three groups -urban (> 50,000 inhabitants), semi-urban (> 5,000 inhabitants) and rural (≤ 5,000 inhabitants). The study included all pupils from randomly selected school classes, who have permission of pediatrician to attend compulsory physical education and were not ill during the time of survey. Of these children, only the children whose parents signed the informed consent (response rate 45%) participated in the examination. For long-term trend evaluation, the data of cohorts of the same age as the children examined in 2013 was used. It was the national survey of physical development and MF of children from former Czechoslovakia (age 7-18 years) performed in 1987, and the Czech national anthropometric survey (age 0-18 years) conducted in 1991 (6, 7).
Anthropometric measurements included height, body weight, waist and hip circumference. Weight was measured to the nearest 0.1 kg with the same kind of portable scale, with the participant in minimal clothing. Height was measured to the nearest 0.1 cm without shoes. Body mass index (ΒΜΙ) was calculated as body weight (kg) divided by height squared (m 2 ). Waist circumference (WC) was measured with a tape at the mid-distance between the top of the iliac crest and the bottom of the rib cage. BMI was categorized according to the Czech reference growth charts BMI for age, from 1991, where cut-off points were established for OW as the values of 90 th percentile and higher; for OB, those of 97 th percentile and higher were used. The level of MF was assessed using motor performance tests. These tests (T1: standing broad jump, T2: sit-ups 60 seconds and T3: shuttle run 4 × 10 m) were selected from the UNIFITTEST test battery (6-60) (8) with standardized scale based on the data distribution from a nationwide representative survey from 1987 (Table  1) . Each child was rated using a ten point standardized scale for each test (10) . The classification in particular tests is as follows: "poor" 1-2, "below normal" 3-4, "normal" 5-6, "above normal" 7-8, "excellent" 9-10. The test battery score was calculated from the sum of points obtained in all three tests. Classification in score of battery (e.g. T1+T2+T3) was categorised as "poor" 3-10, "below normal" 11-14, "normal" 15-18, "above normal" 19-22, and "excellent" 23-30. An average Battery Score for each of the four gender and age specified groups was calculated using the cumulative total results from all of the children within each respective group, and then a subsequent average was calculated. The second evaluation represents the 5 Fitness Level categories (poor, below average, average, above average, and excellent defined from 1987) and the distribution of each current child's fitness level results within their own respective group.
The posture of children was evaluated using "the Matthias posture test", clinical test to detect posture changes in children and adolescents. The examined child must endure in actively upright position, (arms outstretched) for 30 seconds. If the head bent forward and the upper chest tilts, arm falling and the belly is pushed out, they are signs of poor posture. In serious cases the child is unable to take correct input posture (10).
Examination was completed by self-reported headache, or back pain. All participants were invited to complete a self-reported questionnaire designed to assess PA. Subjects were asked two types of questions in order to assess PA/exercise and sedentary levels on a weekly basis through self-assessment of the weekly amount of time spent on walking and organized exercise, i.e. in gyms or sport centres; and self-evaluation of the time spent on 
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TV watching, with computer or at a school requiring sedentary (sitting) time, as well as time spent for entertainment. In 2013, the survey was performed by experienced medical students and physical training instructors received standardised training on anthropometric techniques and UNIFITTEST by physicians, who followed standardized criteria, in order to be able to take measurements of children during their physical education classes at schools. The survey was approved by the Ethics Committee of the Medical School and Faculty hospital in Pilsen and was supported by the Pilsen regional authority and Educational Institute of the Pilsen region.
Statistical Analysis
The non-response rate (including incorrect values) for the variables included in the analysis was 55%.
The correlation between the BMI values and their corresponding muscular fitness categories values was calculated for each age and gender specified group of participants and, in addition, for the whole set of these groups. Because we cannot assume that neither BMI nor the muscular fitness categories values have a normal distribution, the Kendall's correlation coefficient RhoK (instead of usually used Pearson's correlation coefficient, RhoP), which is based on order statistics was calculated for each correlation (11, 12) . Finally, a statistical test that the correlation is significantly different from zero was performed for all these correlation coefficients. Furthermore, statistical analysis using the Wilcoxon signed rank test was performed to compare the MF values between groups of participants grouped according to the participant's BMI value. This test was done for each age-gender specified groups. All statistical computations were performed with the MATLAB Statistics Toolbox. The values of p < 0.05 were taken as statistically significant.
RESULTS
The prevalence of OW and OB in 8-9 year-old and 12-13 yearold girls and boys in 2013 was 16.1% and 20.1%, respectively. OB was present in 10% of girls, and 9% of boys. In comparison to 10% of OW and OB children in 1991, using these cut-off points for body mass index references, the total current prevalence of OW and OB doubled, resulting in 19.8% (Fig. 1). More details of the sample's anthropometric characteristics and results of MF testing are presented in Table 2 .
Regarding MF using normative for UNIFIT test from 1986 there were only 26% of subjects examined in 2013 showing "normal", "above normal", and "excellent" MF. The rest of the sample -74% of current children (74% overall, 73% in boys, 74% in girls) was classified as "below average" or "poor" in MF. Results show a statistical significant increase in proportion of children classified as "below normal" or "poor" in MF category in 2013 compared to 1986 (p < 0.001) in all examined groups of children.
MF was inversely associated with BMI with exception of younger girls. The Kendall's correlation coefficient RhoK between BMI and MF in the set of all participants: RhoK = 0.0741 (p < 0.01); in younger girls (Gy): RhoK = 0.0970 (p = 0.057); in younger boys (By): RhoK = 0.1443 (p < 0.01); in older girls (Go): RhoK = 0.1196 (p < 0.05); and in older boys (Bo): RhoK = 0.2428 (p < 0.001). MF of OW and OB children was worse than MF of normal weight (NW) children in total (p < 0.05), or in each age-gender specified group: Gy (p < 0.01); Go (p < 0.01); By (p < 0.001); Bo (p < 0.001). Underweight (UW) Gy had a lower (i.e. worse) value of MF than NW (p < 0.05) (Fig. 2) .
Characteristics
Younger girls (8-9 years) Older girls (12-13 years) Younger boys (8-9 years) Older boys (12-13 years) a In 2013 there were used cut off points for BMI references from the Czech Republic given in the Nationwide Anthropological Survey (NAS) from 1991 (6, 7). Gy -younger girls; By -younger boys; Go -older girls; Bo -older boys; NW -normal weight; O -older children; OB -obesity; OW -overweight; UW -underweight, Y -younger children.
Poor posture was diagnosed in 24% of children, more frequently in OW and OB children in comparison to normal body weight children (p < 0.001). The most frequently reported subjective problems of the study population was headache (13.75% overall, 12% in boys, 15.5% in girls), followed by back pain (9% overall, 7.5% in boys, 10.5% in girls).
Concerning PA parameters, subjects self-reported longer time spent by physical activity (vigorous or moderate level) during weekend in comparison to weekdays; 2.47 hours/weekend day, 1.17 hours/weekday. There was an increase of inactivity in older children, especially boys, who spent more time in front of computer.
DISCUSSION
The increase of OB and OW in Czech children since the 1950's is shown by the results of other studies (13) . In our study the cut off points for BMI references from the Czech Republic given in the Nationwide Anthropological Survey (NAS) from 1991 were used. According to results from Kunešová et al., these Czech cut off point criteria are softer in comparison to the IOTF or WHO criteria, and thus the prevalence of OB or OW is lower in comparison to other ones (14) . However, our results of OB and OW in younger children from 2013 are worse in comparison to data provided by Kunešová et al. from 2008 (14.8% in boys, 11.1% in girls).
This cross-sectional study is the first one to report on the shift of fitness level and nutritional state of current children using cut off normative 2 decades ago. It is proved that only 26% of children match criteria of "normal" level of MF and OB and OW doubled in comparison to 1991. The shift to the decreased fitness level of children beginning in the 1970's could be explained by the dramatic change in their environment, along with the development of new technologies. In children, the causes of physical passivity are associated with or a result of watching TV, playing on or overusing the computer, mobile games etc., including internet communication (15) . This represents for children a very new and attractive mode of social communication and creating and experiencing relationships without the need of physical activity.
This study also confirmed an inverse association between MF and total adiposity, which is in concert with results of metaanalysis by Smith JJ et al. (16) . This meta-analysis also found strong evidence for an inverse association between MF and CVD and metabolic risk factors, bone health and self-esteem of children and adolescents. Simultaneously, we have found a large proportion of non physiological posture keeping, associated with subjective symptoms like headache and back pain.
According to the self-reported data, younger children in our study in average met the WHO recommendation to have less than 1-2 hours of quality television and/or screen time per day and undertake at least 60 minutes of moderate-to-vigorous physical activity. However, the evidence suggests that their MF is, in comparison to the level of children from 1986, dramatically worse. There was an increase of MF with age although there was simultaneously an increase of numbers of hours weekly spent in front of computer or watching TV. We believe that this discrepancy between WHO recommendations and the real state of MF in children could be explained partly by overestimation of PA in self reporting of children, partly by disappearance or shortening of their spontaneous PA. This as well shows the methodological problem of physical fitness assessment, which is based on collection of self-reported data about PA only.
The advancement of modern technology has allowed children to become more and more sedentary. The convenience of nearly all aspects of computers, social media, communication, etc., has created an environment of children comfortable when being passive or lazy. We are missing the times when children desired to go outside and play with friends or to physically travel to other houses or neighbourhoods to engage in multiple types of physical-related play. The level of happiness and satisfaction that these children experienced from spontaneous PA is now nearly completely lost and non-existent due to the comfort of simply sitting on a chair at home in front of the computer or TV.
Moreover, the Czech Republic has one of the highest prevalence of OW and OB in adults among all European countries. Unfortunately, obese parents in the Czech Republic do not consider their obesity and their children's obesity a problem. Because of this, the parents do not create an active lifestyle suitable for maintaining a healthy weight and fitness level. Along with this, the parents are looking for ways of how to excuse or clear their children from being involved in any type of PA. In the Czech Republic, two hours of physical exercise classes per week are required. These 2 hours are mandatory for all students. And starting in 2015, this number should be increased to 3 hours per week. It is also important to mention that twenty years ago all club and team sports for children were cost-free for all participants. Nowadays, there are greater costs involved for all parents of children involved in any sport activity.
CONCLUSION
This cross-sectional study is the first one to report on the shift of MF level and nutritional state of current children using cut off normative from 27 years ago. There is a proof that only 26% of children match the criteria for "normal" or better level of physical fitness, while in 1986 it was 69% of children. Simultaneously, OB and OW prevalence doubled in comparison to 1991. In addition, there was a large proportion of non-physiological posture keeping associated with subjective symptoms like headache and back pain in OB and OW children.
An inverse association between MF and BMI was presented, where the best level of MF showed children with normal nutritional state. In boys, there was an increase in MF with age, although there was simultaneously an increase in the number of hours spent daily in front of a computer or watching TV.
